Hyperbaric Oxygen Therapy: Physiological Considerations
The basis of hyperbaric oxygen therapy for conditions in which tissue hypoxia exists is that raising the partial pressure of oxygen (Po) in the inspired gas will raise the Po, above the critical value of 2-6 mmHg at the mitochondria in the affected tissue. Tissue hypoxia can arise from a failure in any link of the oxygen transport system from the atmosphere to the tissues.
Failures of the mechanisms whereby oxygen is carried from the atmosphere to the systemic arterial blood can almost always be corrected by a very moderate increase in the inspired Po. at a pressure of I atm abs provided that an adequate level of pulmonary ventilation is maintained. Thus arterial hypox2emia due to unevenness of distribution of alveolar ventilation in relation to alveolar capillary blood flow can be corrected by raising the inspired PO. to 200-250 mmHg, and the arterial Po, can be raised above 60 mmHg in the presence of the passage of 40 % of the cardiac output through nonventilated alveoli (venous to arterial shunt) by the administration of 100% oxygen at 1 atm abs. Relatively moderate venous to arterial shunts will, however, owing to the shape of the oxyhemoglobin dissociation curve, reduce considerably the amount by which a given increase of inspired Po. raises the arterial Po0.
The mitochondrial Po, at a given point in a tissue is critically dependent upon the local circulatory state. The minimum Po. in the capillary blood is determined by the relationship between rate of oxygen removal by the tissue and the local blood flow. The minimum capillary Po2 in a typical tissue with an arteriovenous oxygen content difference of 5 ml/100 ml blood is raised from 40 mmHg when air is breathed at 1 atm abs to 350 mmHg when 100% oxygen is administered at 3 atm abs. If, however, the blood flow through this tissue is reduced by half, the corresponding values of the minimum capillary Po0 will be 28 mmHg and 50 mmHg respectively. If the relative ischaemia of the tissue is even greater, then the effect of hyperbaric oxygen therapy would be expected to be even less. In the normal individual the arteriovenous oxygen content difference varies markedly from one tissue to another. Thus the arteriovenous content difference of cardiac muscle is over ten times that of the skin. An additional factor which must be taken into account in assessing the possible effectiveness of hyperbaric oxygen therapy is the effect of this treatment upon the local circulation. Thus it has been shown that high arterial Po2s reduce the blood flow to the brain, skeletal muscle, kidney and skin. This effect is primarily one of the raised Po, but in certain organs, particularly the brain, the mild hypocapnia which is produced by a high arterial Po, accentuates the arteriolar vasoconstriction. The effectiveness of hyperbaric oxygen therapy in raising the local tissue Po. may be increased manyfold by increasing the local blood flow.
On physiological grounds hyperbaric oxygen therapy would be expected to be most effective in combating local hypoxia in tissues with a high blood flow relative to oxygen consumption such as the skin and kidney. Furthermore, the administration of oxygen at high pressure may tend to defeat the object of the therapy because it induces local vasoconstriction. There are, therefore, good grounds for combining hyperbaric oxygen therapy with an agent which causes dilatation of the arterioles of the part which is suffering from hypoxia. 873 9
